Introduction
Type 2 diabetes mellitus (T2DM) affects over 1 million Australians and 382 million people world-wide [1] . Good glycaemic control reduces the risk of micro and macrovascular complications in people with T2DM [2] . With progressive islet-cell dysfunction, at 10 years post-diagnosis approximately 50% of patients require exogenous insulin [3] .
However, insulin initiation is often delayed [4] [5] [6] , and up-titration is often suboptimal [7] . Only 17% of insulin-treated people with T2DM achieve target HbA1c levels [8] .
There are well-documented reasons for this, including "psychological insulin resistance" (negative perceptions and attitudes that act as barriers to starting insulin) [9] on the part of patients and "clinical inertia" (recognition of a problem but failure to act) on the part of practitioners [10] . However health system factors are also important. In Australia and other countries, people with T2DM are often referred out of primary care to specialist diabetes services for insulin initiation [11, 12] . This can lead to delays in starting insulin, and avoidable periods of hyperglycaemia as cost and limited availability create difficulties accessing endocrinologists and Credentialed Diabetes Educator -Registered Nurse (CDE-RN). In Australia the mean HbA1c level of people with T2DM prior to starting insulin is 9.4% (79mmol/mol) [6] and in the UK is 9.3% (78mmol/mol) [13] , well above the recommended targets.
The increasing prevalence of T2DM and limited availability of specialist resources means that this clinical issue must be addressed within primary care [1] . If insulin initiation for people with T2DM was to become part of routine general practice care, this would integrate the patient's diabetes care with care for other common comorbidities. It could also reduce the more costly use of secondary care [14] and could improve disease control and long-term outcomes.
Page 7 of 34
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For insulin initiation and up-titration to become part of routine general practice care two key issues need to be addressed. The first is to develop a model of care that is feasible, acceptable and sustainable in practice and that makes more efficient use of the members of the diabetes health professional team, including the general practitioner (GP), Practice Nurse (PN), endocrinologist and CDE-RN. The second issue is to develop skills and tools for effective post-initiation blood glucose monitoring (BGM) to help optimise glycaemia levels [6, 8, 15] . One promising and recently available monitoring tool, currently predominantly used in specialist practice, is retrospective continuous glucose monitoring (r-CGM). These devices incorporate a minimally invasive flexible subcutaneous electrode to measure interstitial fluid glucose levels. They are small (size of a 50c piece) and require minimum interaction on the part of the patient. They can be worn for up to a week, following which the data are uploaded to via a USB device to a computer and analysed, giving a graph of each day's glucose pattern and an average trace for the week. Patients need to record their BGL twice daily to calibrate the r-CGM data at upload. A recent meta-analysis in predominantly Type 1 diabetes patients found real-time CGM improved glycaemic control compared with self-monitoring of blood glucose (SMBG) [16] . However evidence on r-CGM in T2DM is lacking.
Our primary aim was to evaluate the impact of a new model of care for insulin initiation in primary care in people with T2DM and inadequate glycaemic control on maximum oral hypoglycaemic agents (OHA). Our secondary aim was to assess the feasibility and acceptability, to both the patient and health professional, of the use of r-CGM in guiding insulin dosing in a primary care patient group, while generating novel preliminary r-CGM data.
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Subjects, materials and methods
The INITIATION study design and protocol is published elsewhere [16] . In brief, this was a large exploratory non-randomised study of a collaborative model of care that we have developed and previously piloted in a small number of practices in accordance with the UK Medical Research Council (MRC) complex development framework [17, 18] . In this model of care the GP and PN (who works in an enhanced role), are mentored by a CDE-RN with endocrinologist support if required. The model of care uses resources and clinical tools introduced to practices (GP and PN) in an educational session and has been described elsewhere [17] . All participating practices in the current study were introduced to the model of care and all participating patients were managed according to the model of care. While this was an exploratory before and after study, we benchmarked our results against data from an ambulatory hospital diabetes services servicing the same geographical area as the majority of the participating practices. Quality-assurance data were collected from consecutive ambulatory non-pregnant adults with T2DM referred by specialist endocrinologists to CDE-RNs for insulin commencement in this benchmark site over the same period as our study. Nested within this primary care study was an exploratory randomised trial of r-CGM. We randomised participating patients to either SMBG alone or SMBG with adjunct r-CGM using an iPro2 TM (Medtronic, Northridge CA). Randomisation was undertaken by a researcher independent of the study team using a computerised random number table. ;Medtronic, Northridge CA). The content of the training has been described elsewhere [17] .
Patient Screening, Enrolment and Outcome Measures
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Practices undertook an audit of their electronic medical records in the practice to identify potential study patients based on the following inclusion criteria:
• Insulin naïve people with T2DM
• Aged 18-80 years
• HbA1c >7.5% (58mmol/mol) performed in the last 6 months
• Treated with maximum tolerated doses of OHA
• OHA doses stable ≥3 months
• Willing to monitor blood glucose ≥twice daily
• Willing to commence insulin Exclusion criteria were as follows:
• Type 1 Diabetes Mellitus (T1DM)
• Fasting blood glucose <6.0mmol/L
• Major medical or psychiatric illness
• Pregnant or planning pregnancy
Potential patients were sent a letter by their GPs and received a follow-up call by PNs to attend the practice to hear more about the study if interested. Patients who agreed to start insulin and consented to participate were reviewed by the GP who then referred the patient to the PN for a screening visit. At this visit blood was taken for baseline HbA1c levels. A 7-day r-CGM was commenced at this screening visit on all consenting patients.
A week later the patient was reviewed by the PN supported by the study CDE-RN.
Eligibility was confirmed based on the HbA1c result and the r-CGM data were
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A c c e p t e d M a n u s c r i p t uploaded (the PN and GP were masked to this baseline trace). A history and examination and patient survey were performed at baseline and 24 weeks. This included the Short Form 36 Health Survey questionnaire version 2 (SF-36 v2) [19] and Audit of Diabetes Dependent Quality of Life (ADDQoL) [20] . At this baseline visit patients were randomised to one of the two monitoring arms of the embedded sub-study (SMBG alone or SMBG + r-CGM). PNs and r-CGM randomised participants completed a user evaluation survey at 24 weeks.
Glycaemia Monitoring
HbA1c assays at baseline, 12 and 24 weeks were performed by a centralised DCCTaligned laboratory. All participants were provided with a glucose meter (Freestyle Optium™; Abbott) and instructed to perform SMBG testing 2-4 times / day, including a mandatory fasting and at least one two-hour post-prandial measurement. All meters were uploaded at each study visit. Visits were weekly for 4-weeks following initiation of glargine or glulisine, fortnightly for another 4-weeks and monthly thereafter.
In those randomised to SMBG alone, r-CGM 7-day traces were obtained at baseline, 12 and 24 weeks. Health professionals were instructed not to access these traces. For those randomised to the r-CGM arm, traces were performed at baseline and during the week prior to each visit, and these traces were used by GP and PN in clinical management.
Insulin Initiation and Titration Protocol
All enrolled patients commenced glargine, which was titrated against fasting glucose levels every 7-days. OHAs were continued unless modified at the GP's recommendation. After a minimum of 4-weeks following glargine initiation, and if
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A c c e p t e d M a n u s c r i p t fasting glycaemia was in target, at the discretion of the GP a once daily glulisine injection could be initiated prior to the meal with the greatest post-prandial hyperglycaemic excursion. Any ongoing sulphonylurea use was to be withdrawn with glulisine initiation. Insulin dosing schedules are previously described [16] . This was a pragmatic study in the context of ongoing GP clinical practice and GPs had clinical discretion to deviate from insulin protocols on clinical grounds.
Sample size
While this was a large exploratory study, we made a power calculation based on an
HbA1c reference value of 8.2% (66mmol/mol) in the INSTIGATE study [5] and assumed no change without intervention. The new model of care was estimated to reduce HbA1c by 0.4% (4mmol/mol) [21] . With a two-sided α=0.05 and 80% power, 102 patients were required to detect an absolute HbA1c reduction before and after implementation of the new model of care. Preliminary research suggested that an average two full-time-equivalent GP practice has 80-100 T2DM patients, with 10% meeting study criteria. A 50% recruitment rate, generating ≈4-5 participants per practice, estimated a need for recruiting 22 general practices. This study will provide novel preliminary data on the effect size of r-CGM in T2DM in primary care.
Statistical Analysis
Stata statistical software package v12 was used. Descriptive statistics were calculated for demographics, glycaemia, quality of life, and satisfaction with r-CGM. Nonparametric tests were used to determine if there was a statistically significant change in HbA1c and to compare time spent below, within and above target glucose ranges on r-CGM.
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For the embedded substudy, baseline characteristics of the SMBG and r-CGM arms were compared using two sample t-tests except for baseline HbA1c, which was compared using a non-parametric (Mann Whitney) test. Secondary analyses utilised two sample t-tests to explore whether there were differences between SMBG and r-CGM groups in the time to glulisine commencement, quality of life and Δ in the percentage time at target (4.0-10.0mmol/L), high (>10.0mmol/L) and low (<4.0mmol/L) glucose levels (as measured by masked r-CGM traces at baseline, 12
and 24 weeks). T-test for proportions was used to determine differences in the proportion of patients commencing glulisine. P<0.05 was considered statistically significant.
ΔHbA1c (baseline to 24 weeks) of study vs. benchmark groups were compared using a multivariate regression analysis to adjust for age and baseline HbA1c.
Results

Primary Care Sites
Participating general practices were located in suburban Melbourne (n=21); and regional Victoria (n=1). Sites included private and corporate practices (n=21) and a community health centre (n=1). One practice was a solo GP practice and five were two-GP practices. A median [range] of five [1] [2] [3] [4] [5] [6] [7] [8] [9] participants per site were consented.
Two CDE-RNs (total 1.0 FTE) provided support to the 22 sites. Table 1 . Three participants were lost to follow-up and 89 participants completed the 24-week study (Figure 1) . Thirty-three subjects commenced glulisine at mean 
Insulin Initiation, Follow Up and Glycaemia
INITIATION r-CGM vs. SMBG: Insulin Initiation, Follow-up and Glycaemia
The r-CGM and SMBG sub-groups were similar with respect to age (58. and two participants were lost to follow-up in the r-CGM and SMBG groups respectively (p=0.48). r-CGM devices performed reliably, with a failure rate of <1%.
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More r-CGM than SMBG subjects commenced glulisine (Figure 2[a] ). Seventy percent of the glulisine injections were administered prior to the evening meal, 24%
with breakfast and 6% with lunch. This pattern did not differ between the two subgroups (data not shown p=0.036). There were no significant changes in OHA use over the 24 weeks in the SMBG group. There were no differences between the r-CGM and SMBG sub-groups in HbA1c reduction, CGM parameters (Table 3) , or the proportion achieving HbA1c<7.0% (<53mmol/mol) at 24 weeks (Figure 2[b] ). Twelve PNs scored the r-CGM devices at a median (IQR) of 7 (6,7) out of a possible 7 with regard to satisfaction and willingness to continue r-CGM use. Forty-six participants in the r-CGM sub-study arm scored the r-CGM devices on the same parameters, at 6 (6, 7) and 4.5 (4, 6) respectively.
INITIATION Participants: Non-Glycaemic Parameters
INITIATION vs Benchmark
Eighty-two patients in the benchmark sites were referred for insulin initiation at a specialist centre (Age (range) 60 (25-86) Comparison to benchmark insulin initiation suggested that they may achieve comparable glycaemic outcomes to those of specialist diabetes teams. Our model makes more efficient use of the relatively scarce resources of an endocrinologist and CDE-RN for the primary care population with diabetes earlier in the evolution of the disease, in whom diabetes management is less complex and more stringent glycaemic targets may be attained.
The key strength of the INITIATION study is that it has been conducted in a realworld setting. All participating sites had not previously been involved in a clinical trial, nor did they usually initiate insulin in their patients requiring such therapy.
Nevertheless the participant attrition rate was low and adherence acceptable, indicating the ready translation of the study protocols into clinical practice. However, this model may not be appropriate for all patients or primary care providers. A PN is essential, but currently only ≈63% of GP practices in Australia employ a PN [24] .
Data on the use of r-CGM in T2DM in primary care setting are limited and our study provides pertinent information to guide future research in this area.
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There are limitations to our study. Out of 102 patients recruited, data were only available from 92 patients. Despite being underpowered, we showed significant HbA1c improvement over 24 weeks follow-up. We used an exploratory before and after study design to test the efficacy of the new model of care and to examine the feasibility of embedding r-CGM to guide insulin titration in primary care. All study participants received the new model of care and insulin was initiated and titrated under GP and PN direction. To address this study design limitation, we used specialist benchmarking data as a reflection of current "real-world" management. While a "basal plus" insulin regimen was selected for simplicity and the titration schedule chosen to minimise hypoglycaemia risk, it is recognised that other insulin regimens may better suit some patients. Our convenience sample of practices and patients may not be representative of the wider GP population. A cluster randomised controlled trial to examine the effectiveness of the new model of care is currently underway [17] .
Previous studies have evaluated the benefit of CGM technology in diabetes management [25] . Virtually all of the evidence supporting CGM use in patients relates to real-time devices in T1DM patients managed by specialist teams, and have demonstrated improved glycaemia and reduced hypoglycaemia [26, 27] . There is little data available regarding r-CGM in T2DM population and none based in primary care.
The r-CGM "wear and forget" devices place fewer demands upon the patient. The Compared to a structured 7-point SMGB profile [30] , r-CGM is less dependent upon patient adherence and provides greater detail in the management of diabetes, particularly overnight, when finger-prick glucose information is not readily available [31] . We did not observe significant differences in HbA1c or r-CGM parameters between the r-CGM and SMBG only groups, though this sub-study was exploratory
and not powered to demonstrate this. A detailed analysis of the glycaemic variability parameters of r-CGM data from both groups will be reported elsewhere.
Each patient was required to perform a minimum of two finger prick glucose readings in a 24-hour period, including one fasting and one other two-hour after a meal. The meal chosen for the post-prandial glucose check was varied. While patients in the SMBG arm only had access to the SMBG readings, those in the r-CGM arm of the study had access to both SMBG and r-CGM data. SMBG readings were required for calibration of the r-CGM sensor trace. Health-care professionals were able to access A c c e p t e d M a n u s c r i p t both data from patients assigned to the r-CGM arm of the study to guide the titration of basal insulin and/or the addition and titration of prandial insulin. Experience derived from the review of r-CGM may also have provided the GP and PN with insights into the impact of insulin adjustments upon glycaemia, which they then generalised to participants in the SMBG group [31] . In addition, r-CGM may have served as an effective learning and motivational tool for patients. Potentially some health-care professionals may have accessed r-CGM data (from baseline, 12 and 24 week studies) in SMBG arm participants, despite being instructed otherwise. A larger study with cluster-randomisation would address many of the above limitations.
For the uncomplicated patient with T2DM insulin initiation is most appropriately implemented in primary care [32] . We have demonstrated the efficacy and safety of a collaborative model of care facilitating timely insulin initiation within general practice pathways, with educational resources and insulin initiation protocols being implemented by GP and PN teams supported by a specialist team. A large cluster trial of this model of care incorporating structured SMBG is being conducted to examine its effectiveness and cost-utility. Given that structured SMBG is now the standard of care, a larger follow-on trial comparing structured SMBG with r-CGM is required.
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